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NOTATION

A Coefficients for fundamental equation, Equation (5)

!, i f 1"- Cp u

%!,I-A br Lo.u wing segment

"rodi,daimic I t COt ficient

Si'otial I ift coefficient

suI':,Ure coe f ficient; C = (P-P )/qS

Blowing momentum coefficient; C m V. /qS

Wing chord

-: Wing root chord

Wing mean chord

,F.'uselage diameter

Vu ;e I :l;e parameter

. Coanda etL sLot height

.:1?] j it t t orce

.td l I] ift fore e

* Ij- 1 low

vi



S Wing reference area

s Wing semispan

s b Wing semispan with blowing

t Wing thickness

V Velocity

V Jet velocity

VLE Velocity at the leading edge perpendicular to the chord line

V Free stream velocity

w. Downwash velocity

x Chordwise coordinate

y Spanwise coordinate

Ycc Blowing span coordinate

A Angle of attack

A Camber induced incidence
C

Blowing or circulation induced incidence
cc

O' Two-dimensional blowing induced incidence
cc

a Effective incidence
e

a Geometric incidenceg

(. Induced incidenceI

ico Blowing induced downwash

p' Circulation

* .C Pressure coefficient difference; (Cpz-C P)

vii



5 Jet thickness

C, Cylindrical coordinate

* ~ Y~l ; Iiper ra i,

iPt 11a-J l it Eqiitt ion) 5
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ABSTRACT

A computational procedure is developed, based on

lifting line theory, which successfully predicts the
spanwise lift distribution at moderate blowing momentum

coefficient on a high aspect ratio (AR = 18) circulation
control wing-body model with several variations in the
spanwise extent of blowing. Experimental data are
presented on the spanwise lift distribution which validates

this procedure.

ADMINISTRATIVE INFORMATION

The work reported herein was authorized by the Office of the Technical Director

of the David W. Taylor Naval Ship Research and Development Center (DTNSRDC). Funding

was provided under Task Area ZR0230201, Program Element 61152N, and Work Unit

1660-650.

INTRODUCTION

The lifting line theory has proven to be quite effective in modeling the spanwise

lift distribution of moderate-to-high aspect ratio wings. The linear nature of the

theory makes it possible to additively incorporate such features as a continuously

varying wing twist, a partial span trailing edge flap, or a jet flap. The current

effort is an attempt to expand on the jet flap model by modifying it to incorporate

the additional feature of lift augmentation produced by a trailing edge Coanda jet.

As with the jet flap, the increased circulation, or effective incidence, produced by

the Coanda jet can be additively included in a lifting line model. The model will

also include the effects of the bod.' on the lift distribution of a circulation

control wing-body configuration.
1*

The Prandtl lifting line theory, as formulated in Thwaites, will provide the

basis for 'this model. The three-dimensional jet flap model of Maskell and Spence
2

will be incorporated and modified to account for a full or partial span trailing edge

Coanda jet. The effect of the fuselage on the flow field will be accounted for in a

manner similar to that of Flax 3 whiere the potential in the Treftz plane provides for

the wing-body interference. The two-dimensional analysis, provided at a series of

spanwise stations, will account for the effects of blowing rate, trailing edge

radius, thickness effects, camber, and wing taper.

*A complete listing of references is given on page 43.
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'!~v mToif ed, X-wing model provided the experimental data to

* .1 distribution on a high aspect ratio circulation control

lepOrr presents selec ted experimental results and a

.. "A' ... j> 1:LCr ica I model.

X M U~ LMLR ICAI. MUDEL

............ wing with trailing edge blowing can he represented,

* ': ncu, as experiencing a total lift that consists of

I!j) p)init of thrust from the trailing edge blowing.

- J "! F'V 1) , . h

K~Lhs : .ncept provides for compatibility with Spence 's4

1,t i~ wi'(imnsional let flap.

I~V)r(-Ihics to the familiar

L ;V 7 b

h,. 1,) 1 1lrodynaic lif t is then:

~~. + t~+ +1c 1

n ri iit n;to the local incidence represent the

... ,,<KI: r ,a! ioi, or blowing induced incidence and downwash. In

i.t :i I aig 1t, aissumpt ions of the lif ting line theory, it is assumed

. ~ 'W I ci '.iber, and circulation induced incidencesrean

.i ; ' rdiiaarily used on a circulation control wing i~s low

I tttlap. [hli s cotidi tion makes the small angle

K a. pa>cdo(-!, nit create a conf lict with the follow-on and usual

i*- 1' 1 !w.r i wilig to that tar downstream.

(2)



The usual procedures for determining the downwash at the wing are then

applicab>'.. Equation (1) can be written as:

F 1/2 a C ( + ) - w.(y)Y (3)o g c :CC 1

The effect of the fuselage on spanwise lift distribution will be treated
3

according to Flax. Flax transforms the two-dimensional vorticity distribution of

the wing-body into the wake contour in the Treftz plane. The result shows itself as

a modification to Prandtl's downwash equation in the form:

b/2
wi(Y ) = i + f(y) dr dy(4

S47T f/ dy (y'-y)(4

where f(y) accounts for the fuselage interference and, in the case of a circular

fuselage, takes the form f(y) = (2y/d) - 2 .

Introducing a change of variables through the relation:

y = () cos 0

a Treftz plane solution, as developed in Karamcheti 5 for example, provides:

F(0) = 2b VZ A n sin 0 (5)

n=l

which, when substituted into Equation (4), gives:

w.(') = V [l+f(v) j - n A sin -- (6)
I - -W nsin 9

n=l

Substituting Equations (5) and (6) into (3) provides the fundamental equation:
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-9- Ihe lift carried across the fuselage is found to decrease as the blowing

portion of the spani is moved outboard. The unblown segment of the wing, between the

SbI~lwing portitu wd the! Miselage, attains some benefit from the vortex pattern

-. estabi Itikcd by the blow-iing se,met. The upwash generated in this region serves to

inrr~lscthe I if t cs-irr ied by this portion of the wing.

01



the trailing edge jet, tli, separation over the unblown section may be more extensive.

Figure 25 shows the pressure coefficient as measured near the leading edge and mid-

chord at the 20-, percent span statiun of configuration 3. The pressure is shown to

make a consistent change with increasing C,, up to C = 0.18. The next increase in C

does not show an appropriate -hange in pressure. Since this discrepancy occurs in

the range of C" where it has already been stated t'hat the circulation may not be

enhanced with further blowing, the reason for the discrepancy is not clear. The fact

that the pressure shows the flow to be still accelerating over the leading edge and

decelerating toward midchord suggests that there is not extensive separation but

rather the entire flow is not being augmented by the final increment in C . This

conclusion is borne out by the force data of Figure 21 which show the lift for

C = 0.237 to be less than that for C = 0.18. Below C = 0.15 the mathematical

model and the data show good agreement and the fact that, while the fuselage carries

less lift as the blowing moves outboard, the lift of the unblown portion of the wing

is being enhanced by its proximity to the blown span.

Figures 26 through 29 show the process to repeat itself for configuration 4.

The blowing portion of the wing is now restricted to the outer 67 percent of the

span. The lift carryover across the fuselage is less than the previous configu-

rations, ['he unblown segment of the wing again retains some benefit through the

upwash generated by the blowing segment. The discrepancy shown in the lift

distribution at the highest blowing rate, C = 0.2, is again shown to coincide with

the loss of augmentation apparent in the force data of Figure 26 for this C

CONCLUSIONS

A numerical model incorporating lifting line theory and a trailing edge vortex

(to represent tie lift augmentation produced by a trailing edge Coanda jet) is

found to proi-,, .,'0d (orrelation with experiment through moderate levels of trailing

, lowin:,. )p:iiwise Li t. distribution and lit t coefficients show good agreement

r h,,wiT ; ,.t nin through approximately C;j = 0.15. The good correlation is

i: t prnt I pi with blowing i; ecreased.

1:1 ;cripincies between thory and experiment at the higher levels of C are first

tt] imII. ble t(, leadling ,;e t low separation on the wing itself and eventually to a

* Ins t I irtli r igi,'nt tiOn tioulh blowing.

9



0.21 and 0.27, the leading, edge pressure increment shows inconsistent change with

an,!it o attack, in particulr at the 40 and 70 percent span stations, as would be

'.\i, t.. ~i, .r,-i f- , 2 21,,pii.ited flow. It appears that a leading edge separation

bubble, hs iimed ,it the higher blowing coefficients. In addition, the lack of an

m.'<ret,, ill th pi>urt' difftrence between C 0.21 and C = 0.27 is indicative

that the ovecru ll cir,'ulation i.s not being increased, which is in agreement with the

1,,rt daita isi il I ,nCul ,s'tiOf with Figure 11.

. i :,i.., It and lb with C = 0.1 and 0.15, respectively, show agreement at what

IppeIr-, t vie the upper I mitt of applicability for the potential flow model. The

I.tit being the result ot leading edge flow separation and a loss of further aug-

:L:Cetatitoll, tarittit ttii i, edge blowing, in the real flow. The lift lost across the

_us'lage,; i aist, more accurately represented at the lowest blowing coefficients.

. igures 1 through 20 show lift coefficient data and typical pressure

distributions for configuration 2. The wind tunnel model, and likewise the

numerical model, have been modified to provide trailing edge blowing on the outer 82

* percent ot the span. The force data of Figure 17 show reasonable agreement with the

lift and lift curve slope of the mathematical model up to a C of 0.14. The lift

distribution of the low to moderate blowing rates, Figures 8, 18, and 19, also show

*,,o r a r-iecnt. Fiiiure 20, with C = 0.2, shows considerable discrepancy between

theorv and .,,periment, again particularly at midspan of the blowing segment. For

re.asons s stated, tle potential flow model for configuration 1 appears to have an

tipper I ;:.it t Ct K = (J. I .

S.,L'r, I trttii:lh 25 provide the lift and lift distribution for configuration

.I 1>; hI .t t,htto' the wing is now reduced to the outer 77 percent of the

pi n. tic. ii:t i i,: d[istribution are in good agreement again up to a C near

1 H v 0,~ i ll-,,: hetween the fuselage and the blowing segment is now

*ippr .i.t i1 it, "e ' t Il t te span. While the agreement between theory and data

i, hi a:; wil, it does rate some special consideration. The

.... I .-. . '.' . Wi,,i p rt ion of the span creates a local increase in

r<i'.. *, ; i9 ' ,, la, it least for moderate levels of blowing. However,

-,wi. ,, ' tot halve the favorable boundary layer control effect

*,,i r ' t, .wit , nt. Chie a Leading edge separation may occur on the

'.:, :, : s: ' , Lt,,t ritlt l ( due to the boundary layer control effect of

8
0, ' _ . ' - - . ' - . . . - -, i ' ' " . v ' . " " -'



7

disagreement shows at the higher C, levels. This could be a result of the math.

mtodel exceeding the range of its inherent small angle assumptions or, as the data

indicate, the model may be experiencing some flow separation. Flow separation with

its resultant loss of lift may show itself here in two forms: first through the loss

of lift with increasin, i for a given C, , and second with that lost (or not gained)

wiLh a given tand incre asin] C . In the first case, this would be attributable to

local flow separation on the airfoil ,urtace itseli. In the second instance, flow

separation may not occur on the airfoil itself, but rather the Coanda jet detaches

closer to the slot and thereby shows a reduction in the induced circulation. This

effect may b associated with the jet velocity reaching sonic conditions and the

resulting, e:pansion-coiitri(-tion waves adding to the adverse pressure gradient seen

by the jet, and causing earlier jet detachment from the Coanda surface.

The solid data of Figure 11 provide a good example of the two types of

separation. The data for C = 0.15 show the first signs of flow separation when

going from t = 0 deg to t 3 deg. This would be consistent with local flow

sepairation on the airfoil surface itself. The data for C 0.27 show its lift
VI

coefficient to be less than that for the next lowest value of C for the entire angle-
VI

of-attack range. l his would suggest that the induced circulation is no longer being

enhanced and that the noted sonic jet velocity implies that the second type of

separation has occurred. At C 1 0.27 and t - 3 deg it appears that both types have

occurred.

The lit t distribution tor a moderate level of C is provided in Figure 12. Good

corroborati,) is seen in boti distribution and lift coefficient. Figure 13 shows a

comparison at C = 0.21. [he level of trailing edge blowing here is above that where

some low separation is indicated in the data of Figure 11. The disagreement in the

lI t di st r i but ion is seen to be greatest at the 40 and 70 percent span stations, that

is, where tlhe 1 m i efIci tive incidence would be at its largest. Further evidence of

-urt, separ;it ion is provided by the chordwise experimental pressure distribution,

ars ifles sirl',1 near tlie 1,..adinc edce and midchord, shown in Figure 14. The data are for

Stt. v. c's .O.( , ). . l 1 , and 0.2i and are shown for the spanwise stations of 20,

"+0, 70, ind 90 percent span. Each plot covers a range in It of approximately -3.0 to

+ 1. 0 leg. lHie increment;la rise in the leading edge pressure coefficient with a at

the moderate C1 0.0498 is se-en to be consistent at the four spanwise stations

,shown in l igures 1 4A it rougli 14d. At the higher blowing momentum coefficients of



blowing; configuration i, with full trailing edge blowing from wing root to tip

through configuration 4 with blowing on the outer 67 percent of the span. The

;panwi-t.LL !.,. ,I : ; Lr iliin,; edge blowing is indicated on the figures. The

c rrelatioii between theory and experiments, at these moderate blowing momentum

Coefficientc;, is good ill a] I four cases for both lift distribution and total lift

coeI f icient

An iI.erfs.-t in, . .ture of the mathematical model is shown in the lift distri-

bution of ccnfig'irations 2 through 4. As indicated in the vortex pattern of Figure 1,

an upwa,;h, eimanating from the blown portion of the span, between the inboard terminus

of the blown span and the fuselage, can be expected. A measure of this upwash is

pro, idt.J by -litending Tie application of Equation (A.1) into the unblown region of

tile wiig. Whie ' is zero in this region, c. is not and is provided by EquationCC ice
(A.9). The flow in this region is further complicated by the presence of the

fuselage. [he lift carried by the fuselage is seen to decrease as the blowing

segiment ,moves outboard, away from the fuselage. This is attributed to a reduction in

the upwash at the fuselage as the blowing moves outboard and is accurately simulated

by the mat hematical model. The upwash in this region of the wing should also

contribute to an increase in the local effective incidence. This likewise shows

itself il the data and model on configurations 3 and 4 (Figures 9 and 10) between the

t fuselage and the blowing segment.

- ['he form of the lifting line solution provides for a less dense distribution of

calcuI lated points, for a given N, on the inboard portion of the wing. While a

grioat ~r cs mt:e),:r cmicitv than was used in the development of this model would

nrn~de fmore vIaritv in this region, the correlation shown in Figures 7 through 10 is

* F i-mire 11 sicIws the lift coefficient for configuration 1 as a function of c and

- . hM, ii;c,,poicy ,shown bhetween theory and experiment for the no-blowing case can

i, mLrilmtci !f the winc camber and trailing edge bluntness. The inviscid theo-

r.t , will respnd t-o the wing camber and show some lift at zero alpha. The

,,i:mI -m :-,! ml i, with()ut tailing edge blowing, will develop some flow separation

it til tr in:,, cd.e and thereby will not fully respond to the wing camber.

- h, ,i -,, ii, lii it zero alpha is maintaiined through the angle-of-attack range

, t' Il t thi lilt curve slope is in good agreement. The figure shows

.,.' OJ :~j ,.', i h twk..(n tha rv ind practice at moderate C levels. Gradual

6

0
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with pressure taps. The test program provided pressure data through the range

-3 deg < a < + 3.0 deg. Force data were obtained from a = -3 deg through stall, and

for the blowing momentum coefficient range, 0.0 <_ C < 0.3. 'rest conditions provided

2for a free-stream dynamic pressure of 30 lb/ft and a unit Reynolds number of

6
1.0 x 10

The details of the test procedure and resulting force and pressure data are

described by Jacobsen.* Only that pertinent to correlating with the present

mathematical model and determining the lift carryover on the fuselage will be used

here.

RESULTS AND DISCUSSION

The fuselage effect on the spanwise lift distribution of a tapered, high-aspect

ratio wing, with no trailing edge blowing, is shown in Figure 5. The experimental

lift distribution in this and succeeding figures is, in fact, the difference in

upper and lower surface pressure coefficient at the 50 percent chord position,

AC = -C
O.5c zu) 0.5c

as this provides for a convenient comparison with the numerical results provided by

Equation (A.16). The numerical results show the same total lift for the isolated

wing as for the wing-body combination. The presence of the body is seen to alter

the distribution such that the lift lost over the fuselage itself is regained on the

inboard sect iou of the wing as a result of a local angle of attack increase produced

by the body. This is in keeping with known results (Reference 1). The effect of

including the trailing edge blowing is shown in Figure 6. in a similar manner to the

no blowjr1 cas,-, the lift lost nver the fuselage is regained near the wing root such

that the total lift is unchanged. The large drop in the local lift, with or without

the fuselage present, is attributed to the vortex system being induced by the limited

:;Panwi i e trail ing edge blowing.

Figures 7 through 10 nrovide a comparison of the theoretical model with experi-

ment for moderate blowing and for each of the four configurations comprising the

test sequence. Configurations 1 through 4 provide a decreasing percent of span

*As indicated by Jacobsen in a )'TNSRI)C informal report, "Wind 'Tunnel

Investigation of a High \spect RNilo Circulation Control Wing," of Jul 1983.

5



Y.% sin '. ?nv[l+f(y)] + sin 0l = p (a + a + a) sin O (7)

a c
0

it (8)-.. 4b

wit, 1: 1-( -  o I providing for wing taper.

It - :series of simultaneous equations, the solution of which

i51 L J, nJ . spi"ise lift distribution. With the exception of the circu-

!ation or biwiri indliced incidence, a. C the remaining input variables for Equation

-. ovidcd by tai L LIige and wing geometry. The procedure for determining

the DiOwin'i ,irued ilL idtenCe and development of the complete wing-body model is

p-,viki, in the appendix.

EXPERIMENTAL PROGRAM

, h i t I.,,P o't -a io circulation control wing data were provided by an experi-

1 .- ,m (,irricl o,t in the I)'NSRI)C 8- by 10-ft subsonic wind tunnel. The

, l WI , .iisit ical ly in 1 igure 3 and installed in the tunnel in Figure 4,

7 - i. -I;:' 1! with an aspect ratio of 18 and taper ratio of 0.5. The

. .:L, li: t)icK s ratio of 0.20 at the root and 0.15 at the tip.

. 1"Vr ik ('11 t Ii I in'. edu_'is radius to the chord varied from 5.3 percent at the

zeot :ct w c' .ut ,at the tip. The wing, shown in planform in Figure 3,

r;, Iv. i I i w t I ruing the Coanda jet, running the entire span. In order

t, ht ,r ';ct I, tI, !ift carryover, or pressure effects spanwise across the

-,... . !t t , wasi res;tricted from the root section outboard to form four

,I. ii ISrl. its txposed lot-to-span ratio was 0.877, 0.8249, 0.7744, and 0.675

S. ... I i .LI'! t ( nfi guration,; 1 through 4). (Actually, the full span

I I.. t, ! L n t,0c value 0.877 when considering the full span as extending

,Io . ,II h. '[he wing has 5 percent camber at the root and tapers

, , 1, it , ip. !)tailed wing characteristics are provided in Tabe 1. The

I• . , it f,!w wing station) and wing were extensively instrumented

6- . '-
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Figure 1~4 -Experimental Chiordwisct Presiire Distribution,

Configuration 1
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Figure 14 (Continued)
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Figure 14 (Continued)
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Figure 14 (Continued)
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,,'r -i1v large aspect :atio wing, the lift distribuion can be related to that

a Flit plate in the form: 1

1/?

2i C

: t l Ichord position this reduces to:

(Y ) Mt = ( v A . I
P(. cI

581' ,'2 irv ides tor convenient comparison with the experimental data.

Itl. overall lift cofficient is provided by:

b
2

1,= i f C,(y) c(y) dy
cb 

b
2

q '..puttr program utilizing this mathematical model was written and applied

- tli 'he dItka' f rom the experimental model.
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This can be treated in a similar manner to that of (A.7) with additional con-

siderations for the presence of the body. The cross flow induced by the presence of

the body when the wing and body are at the same incidence is:

i(y) + " (y) f(y) = Ue (y) + ai(y) (A.11)

tor v 'd/2, where .x(y) includes the effects of geometric and camber induced

i nc id 'ce. For a circular arc imposed camber,

a = 2 x camber
c

In obtaining the coefficients A the downwash distribution and a. can ben 1

determined through Equation (4).

in keeping with the initially stated concept of the mathematical model, the

local total lift coefficient is then provided by:

C = L- (cg4+c4+cc-rt.) + c (A.12)
LT \ / g cc icc

where thu empirically derived values 
of Spence:

4

=27T (1+ _ (1+0.151 C 1/2 +0. 219 C) (A.13)

C ( 1 1/2 1/2 1/2 (A.14)
= 2(TC (1+0.151 C +0.139 C (

cc

are applied locally. inboard of the wing body juncture the lift coefficient is
I I

provided, in accordance with Thwaites, as:

W d- 2 1/2 .1
(F4- w1 (d'-4y) (A.15)CI (Y i d CL -

41
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iti the range

cc < y <cc
-- cc -- _ _

2 2

Pt.empirically derived form of Maskell and Spence 2provides a
0

a 0 27 2 1 + -ti (1 + 0.151 C +0. 219 C,') (A.8)

he solution proceeds by developing, from Equation (A.7), a series of N simultaneous

juaItion,; where the first N odd terms are applied at N stations along the blown

sei-,span. The coefficients A nthus acquired provide for:

w.i (0 cc 2N sin nO0c
iL cc 0 L nAn i cc (A.9)

whore A AC AV A .. A
1 1 3' 5 - 2N'

- - Icqwlt on (A.9), along with (A.5), provides for Equation (A.1)

CA a -A.cc cc icc

11%i h iice, for the downwash corrected, circulation induced incidence. It should be

9 A tcd that Equation (A.9), once obtained, will provide -he upwash in the region be-

~'ntito blown port ion of the wing and the fuselage.

:ii~sI(~ALSUMMATION

*~~ 11c:ordanc2 with the potentil flow model, as depicted in Figure 1, the

)Llln, ~itors of the wing hody model are provided for in Equation (5) reduced to:

L A s in nr) ml [l+f(y)] + Sinl 01, i(A 9H sin 0 (A. 10)
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KC 
TT

F(Lit iOf (A\.4) becomes:

VLE (TE + 6

LE r 7 (A6)VrE +5 /1+

Equations (A.5) and (A.6) then provide the spanwise distribution of the two-

dLimenISional circulation induced incidence.

BI)IN;I NICED DOTANWASH

(osidering the blowing segment of the wing as a separate full span wing, a

lifting line solution to that segment will provide the downwash correction to the

blowing circulation induced incidence of Equation (A.5). The form of the fundamental

Cquation applying to the blown portion of the wing is:

"Y' nsin nq cc(n I+ sin cC. ) 'CC sin 0c (A.7)W I I
aI c

4 h
cc

i Ild

12vy
Co-l - ccj

cCc



rTE VJ (c-r TE) VLE

or (A.3)

V ~C
r1-

LE rTE

c

For the usual case of a uniform slot height to chord ratio, the blowing

coefficient can be expressed as:

C 2

(For the case of less than full span blowing, the local blowing coefficient is the

above multiplied by the ratio of the total wing area to the blown wing area.) Thus

wt obtain:

V IT
rTELE

VE c (A. 4)

IV rTE rc W

lie circulation induced incidence can then be expressed as:

K = tan (A.5)C c c, ]

.Orrecti(,n to the trailing edge radius is determined by considering the growth of

- tli trailing edge jet flow with incv'eased blowing. The "discrete vortex" model of

the Coanda jet flow proposed by Smith 6 and championed by Wood
7 provides for the jet

*shear layer growth rate as:
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APPENDIX

SPANWISE LIFT DISTRIBUTION FOR BLOWING SEGMENT

OF CIRCULATION CONTROL WING

The configuration being considered here is that of a high aspect ratio wing

body with full to partial span trailing edge blowing. It will be assumed that the

aspect ratio is sufficiently large that the semispan, or blown portion of the semi-

span, can itself be considered as a high aspect ratio wing. The lifting line

approach can then he justifiably applied to the isolated blowing segment alone.

I-,,,- vortex pattern for this potential flow model is shown in Figure 1. In this

manner the distribution of c C as required for Equation (5), will have been modified

to account for the downwash effects resulting from the vortex pattern established by

the blowing segment alone. This can be expressed as:

= ' -a.(A.1)
cc cc icc

where (tv represents the local two-dimensional blowing induced incidence and .cc ICC

represents the downwash produced by the blowing segment's trailing vortices.

I~t -I) llENS 1NAL (: IRCULAT ION CONTROL INCIDENCE

I'lie reasoning behind the small angle assumption of the lifting line theory will

le e.:tended to that of the circulation control airfoil. Based on the known aft

loadiv,, o!- a circulation control airfoil, and the geometry of the airfoil itself,

Figure 2, the blowing induced incidence, for moderate levels of blowing, will be

ienerated by a point vortex located on the chordline, at a distance of the trailing

edge radius, from the trailing edge. The strength of the vortex is provided by the

jot v(vlocity and the trailing, edge radius.

= 27T r V (A.2)
vor IE

in this basis (and the geometry of Figure 2), it can be expressed as:
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AI

FABLE 1 - MODEL GEOMETRIC CHARACIERISTICS

Wing

Area 2.2128 ft'

Span (exluding unblown tips) 75.0 in.

* Chord at rotation center; 5.665 in.

at wing tip 2.8325 in.

Mcan g eometric chord 4.44 in.

VTper ratio 0.50

Aspect ratio 17.65

B owfig slot height 0.002c

S Lot locat ion 0. 968c

Root section CC20/05/053/97-E

iip section CC15/00/022/97-E

w

!eft wing slot exit area 0.00206 ft"

3

Ni ght wing slot exit area ').00198 ft-t

0
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